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MMP = matrix metallo-proteinases MRSD = maximum rate of systolic distension TAV = tricuspid aortic valve WSS = Wall shear stress 3 
Background
Bicuspid aortic valve disease (BAV) is commonly associated with aortopathy which may be in part hemodynamically mediated (1) . BAV is known to cluster in families (up to 25% family members affected) (2) . Due to this increased incidence in first degree relatives (FDR), many clinicians will screen these. Furthermore, FDR of BAV patients might also have aortic dilation, despite a tricuspid aortic valve (TAV) (3, 4) . We therefore examined FDR for evidence of aortic dysfunction. We also examined BAV fusion type in FDR as animal models suggest that fusion type may be genetically determined (5).
Methods
57 BAV patients and 54 healthy volunteers (HV) were recruited from our previous study (1) . 142 patient FDR were also enrolled. 14 additional FDR were unable to be contacted or declined. The study was approved by the West Berkshire ethics committee and written informed consent was obtained.
Participants aged >6 years underwent anatomical and functional aortic CMR imaging (n=117) as described (1) including valve function, aortic dimensions, distensibility and maximum rate of systolic distension (MRSD). All BAV patients, HV and 10 FDR from cluster families who had at least 2 identified BAV patients also underwent 4D flow assessment as described (1). Participants < 6 years and claustrophobic participants underwent echocardiography for aortic valve morphology assessment (n=25).
Fasting peripheral venous blood samples were analyzed for matrix metallo-proteinases (MMP) 2 and 9 using R&D Systems ELISA kits. Data were analyzed with Students t-test for comparison of two groups and Anova was used for comparison of the three groups. A p-value < 0.05 was considered significant. No correction was made for observations clustered within families.
Results
Of 142 relatives, 17 (12%) had a BAV which spread over 10 families (18% of recruited families). Concordant pattern of cusp fusion was only seen in 5 families (Figure 1a ). Right-left coronary cusp fusion pattern BAV was observed in 77% and right-non-coronary leaflet fusion pattern in 19% of cases, similar to the incidence in the general BAV population. Variable degree of fusion was observed in 2 families.
The ascending aorta was assessed in 117 FDR with CMR. Index BAV patients had ascending aortic dilation in 16 cases (28%). No patient had aortic root dilation. 5 FDR (33%) with a BAV showed concomitant ascending aortic dilation. In contrast, no FDR with a TAV had ascending aortic dilation. The TAV was normally functioning in all FDR, average age was 39±19 (range 7-78) and mean pulse pressure 57±1.14 mmHg. 
